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ABSTRACT 

Background: Although intermittent bolus dosing is currently the standard of practice 
for many antimicrobial agents, beta-lactams exhibit time-dependent bacterial killing. 
Maximizing the time above the minimum inhibitory concentration (MIC) for a pathogen 
is the best pharmacodynamic predictor of efficacy. Use of a continuous infusion has 
been advocated for maximizing the time above the MIC compared with intermittent bo- 
lus dosing. 

Objective: This study compared the pharmacokinetics and pharmacodynamics of 
piperacillin/tazobactam when administered as an intermittent bolus versus a continuous 
infusion against clinical isolates of Pseudomonas aeruginosa and Klebsiella pneumoniae. 

Methods: Healthy volunteers were randomly assigned to receive piperacillin 3 g/ 
tazobactam 0.375 g q6h for 24 hours, piperacillin 6 g/tazobactam 0.75 g continuous in- 
fusion over 24 hours, and piperacillin 12 g/tazobactam 1 .5 g continuous infusion over 24 
hours. Five clinical isolates each of P aeruginosa and K pneumoniae were used for phar- 
macodynamic analyses. 

Results: Eleven healthy subjects (7 men, 4 women; mean ± SD age, 28 ± 4.7 years) 
were enrolled. Mean steady-state serum concentrations of piperacillin were 16.0 ± 5.0 and 
37.2 ± 6.8 |xg/mL with piperacillin 6 and 12 g, respectively. Piperacillin/tazobactam 13.5 g 
continuous infusion (piperacillin 12 g/tazobactam 1.5 g) was significantly more likely to 
produce a serum inhibitory titer 2tl:2 against P aeruginosa at 24 hours than either the 6.75 g 
continuous infusion (piperacillin 6 g/tazobactam 0.75 g) or 3.375 g q6h (piperacillin 3 g/ 
tazobactam 0.375 g). There were no statistical differences against K pneumoniae between 
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regimens. The median area under the in- 
hibitory activity-time curve (AUIC) for 
the J 3.5 g continuous infusion was higher 
than that for 3375 g q6h and the 6.75 g 
continuous infusion against both P aeru- 
ginosa and K pneumoniae (P s 0.007, 1 3.5 
g continuous infusion and 3.375 g q6h vs 
6.75 g continuous infusion against K pneu- 
moniae). The percentage of subjects with 
an AUIC *I25 was higher with both 3375 
g q6h and the 13.5 g continuous infusion 
than with the 6.75 g continuous infusion 
against P aeruginosa and K pneumoniae 
(both, P < 0.001 vs 6.75 g continuous in- 
fusion against K pneumoniae). 

Conclusions: Piperacillin 1 2 g/tazobac- 
tam 1.5 g continuous infusion consistently 
resulted in serum concentrations above 
the breakpoint for Enterobacteriaceae and 
many of the susceptibJe strains of P aeru- 
ginosa in this study in 11 healthy subjects. 
Randomized controlled clinical trials are 
warranted to determine the appropriate 
dose of piperacillin/tazobactam. 

Key words: piperacillin/tazobactam, 
continuous infusion, pharmacodynamics, 
pharmacokinetics. (Clin Ther. 2002;24: 
1090-1104) 

INTRODUCTION 

The pharmacodynamic principles of an- 
timicrobial agents can be separated into 2 
main categories: concentration dependent 
(ie, aminoglycosides and fluoroquino- 
lones) and concentration independent, or 
time dependent (ie, beta-lactams and van- 
comycin). 1 The rate and extent of killing 
with concentration-dependent agents are 
maximized when the ratio of maximum 
concentration (C max ) to minimum in- 
hibitory concentration (MIC) is from 8: 1 
to 10: 1 } Concentration-dependent antimi- 
crobial agents rely on a postantibiotic ef- 



fect, or continued suppression of bacterial 
regrowth after exposure. 3 However, beta- 
lactams (except carbapenems) exhibit a 
brief or no postantibiotic effect against 
gram-negative organisms. In fact, the rate 
and extent of killing with these agents are 
maximized when the duration of the drug 
concentration at the site of infection is 
maximized. Specifically, there is no 
greater bacterial killing once the ratio of 
serum concentration to MIC reaches -4 to 
5 times the MIC. 4 ""* An area under the in- 
hibitory activity-time curve (AUIC) 2:125 
is another pharmacodynamic parameter 
that appears to correlate with clinical 
success with beta-lactams against gram- 
negative organisms. 7 

Intermittent bolus dosing is currently 
the standard of practice for many antimi- 
crobial agents. Continuous infusions of 
beta-lactams have been advocated for 
maximizing the time the antimicrobial 
concentration remains above the MIC 
compared with intermittent bolus dosing. 
However, there are limited clinical data 
concerning the relative efficacy of a con- 
tinuous infusion compared with an inter- 
mittent bolus regimen. 8 " 14 

The objectives of this study were to com- 
pare the pharmacokinetics and pharmaco- 
dynamics of piperacilliji/tazobactam* when 
administered as an intermittent bolus ver- 
sus a continuous infusion against clinical 
isolates of Pseudomonas aeruginosa and 
Klebsiella pneumoniae. The pharmacody- 
namic properties of continuous versus bo- 
lus dosing were determined by comparison 
of serum inhibitory titers (SITs) and serum 
bactericidal titers (SBTs), as well as the 
AUIC and the area under the bactericidal 
activity-time curve (AUBC). 



'Trademark: Zosyn* (Wyeih Pharmaceuticals, 
Philadelphia. Pennsylvania;. 
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SUBJECTS AND METHODS 

Subjects 

Volunteers between the ages of 18 and 
35 years were eligible to participate after 
undergoing a complete medical history, 
physical examination, and laboratory 
screening. Patients were excluded based 
on the following: history of allergy to 
beta-Iactams, history of drug or alcohol 
abuse, history or evidence of any chronic 
disease (eg, HIV infection, hypertension, 
diabetes, asthma), evidence of hepatic im- 
pairment* or creatinine clearance <80 
mL/min (as calculated using the method 
described by Cockcroft and Gault 15 ). Ad- 
ditional exclusion criteria were pregnancy 
and lactation. Subjects were required to ab- 
stain from alcohol or nicotine-containing 
products during the study. 

This study was approved by the US 
Food and Drug Administration and by the 
University of Texas Health Science Cen- 
ter at San Antonio, South Texas Veterans 
Health Care System, and Frederic C. Bant- 
er General Clinical Research Center, all 
in San Antonio, Texas. All subjects pro- 
vided written informed consent before 
enrollment. 

Study Design 

This was a crossover study in which 
each subject received piperacillin 3 g/ 
tazobactam 0.375 g IV over 30 minutes 
q6h for 24 hours (total daily dose with in- 
termittent dosing: piperacillin 12 g/ 
tazobactam 1.5 g), piperacillin 6 g/ 
tazobactam 0.75 g continuous infusion 
over 24 hours (half of the total daily dose 
with intermittent dosing), and piperacillin 
12 g/tazobactam 1.5 g continuous infu- 
sion over 24 hours. The order of adminis- 
tration was randomly determined. Each 



subject was admitted for 24 hours to the 
General Clinical Research Center at the 
Audie L. Murphy Veterans Affairs Hospi- 
tal, San Antonio, on 3 separate occasions. 
A washout period of *7 days was required 
between receipt of the regimens. 

Antimicrobial Administration 

Piperacillin/tazobactam was reconsti- 
tuted according to the manufacturer's rec- 
ommendations and further diluted with 
dextrose 5% water to a volume of 100 or 
1000 mL for the intermittent and contin- 
uous infusions, respectively. All adminis- 
trations were through a peripheral venous 
catheter. The intermittent bolus was in- 
fused over 30 minutes, whereas the con- 
tinuous infusions were given at a rate of 
250 mg/h for piperacillin 6 g and 500 
mg/h for piperacillin 12 g over the 24- 
hour period. 

Blood Sampling 

Blood samples for pharmacokinetic 
analysis were obtained from a peripheral 
venous catheter in the opposite arm to that 
used for drug infusion. For the intermit- 
tent bolus regimen, samples were obtained 
at the following times; before the start of 
administration (t = 0) and at 18, 18.5 
(peak), 19, 20, 21 (midpoint), and 24 
hours (trough). For both continuous infu- 
sion regimens, samples were obtained at 
the following times: before the start of 
administration (t = 0) and at 0.5, 1, 2, 4, 
6, 8, 12. 18, and 24 hours after the start of 
the infusion. Additional samples were ob- 
tained at the following times for the phar- 
macodynamic analysis: 19 hours (peak 
for intermittent regimen), 21 hours (mid- 
point for intermittent regimen), and 24 
hours (trough for intermittent regimen) 
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after the start of the infusion. After sam- 
pling, the blood was allowed to clot and 
was centrifuged for 10 minutes at 1000£. 
The supernatant was stored at -70*C until 
assayed or used for the microbiologic 
analysis. 

Piperacillin and Tazobactam Analysis 

Piperacillin and tazobactam concentra- 
tions in serum were analyzed simultane- 
ously at the University of Texas Health 
Science Center at San Antonio by reverse- 
phase high-performance liquid chro- 
matography (HPLC), as has been previ- 
ously described. 16 The chromatographic 
equipment consisted of 5 1 0 HPLC pumps, 
717 Autosampler, 486 Tunable Ab- 
sorbance Detector, Waters System Inter- 
face Module (all, Waters Corporation, 
Milford, Mass). Brownlee CI 8 column 
(15 mm x 3.2 mm), and C18 Guard Pak 
(both. Alltech Associates, Deerfield, 111). 
Mobile phase A consisted of 97% 0.01 
mol/L sodium phosphate and 3% acetoni- 
trile. Mobile phase B was 10% 0.01 mol/L 
sodium phosphate and 90% acetonitrile. 
The flow rate was 1 .5 mL/min. The chro- 
matograms were generated with a linear 
gradient program of 95% eluent A and 5% 
eluent B to 50% eluent A and 50% eluent 
B in 9 minutes and a final linear step of 
95% eluent A and 5% eluent B in 1 minute. 
Total run lime was set at 17 minutes. The 
wavelength for detection was 220 nm. 

Piperacillin and tazobactam standards 
were prepared in pooled human serum. 
Proteins were precipitated by adding 800 
jjlL of acetonitrile to 200 p.L of serum and 
200 fxL of 0.05 mol/L sodium phosphate 
buffer at a pH of 6.0. The samples were 
then vortexed for 30 seconds and cen- 
trifuged at 6000 rpm for 15 minutes. The 
resultant supernatant was removed and 



transferred to a glass test tube to which 2 
mL of dichloromethane was added. Each 
tube was then vortexed for 30 seconds 
and centrifuged for 15 minutes. The up- 
per aqueous layer was then transferred to 
an autosampler vial and 50 jaL injected in 
duplicate on the column. The retention 
times for tazobactam and piperacillin were 
6 and 12 minutes, respectively. The plot 
was linear over the concentration range 
from 1 to 200 p,g/mL for piperacillin (r 2 z 
0.998) and tazobactam (r 2 s 0.997). The 
intraday coefficients of variation were 
sS% for both piperacillin and tazobactam. 
The interday coefficients of variation were 
<2% and 4% at all concentrations of 
piperacillin and tazobactam, respectively. 

Pharmacokinetic Analysis 

Noncompartmentai methods were used 
for the calculation of all pharmacokinetic 
variables of piperacillin and tazobactam. 
For intermittent dosing, the elimination 
half-life (t |/2 ) was calculated as In 2/s, 
where s is the absolute value of the slope 
of the least squares regression line for j>3 
terminal data points. The area under the 
plasma concentration-time curve (AUC) 
was calculated by the trapezoidal method. 
The total body clearance (TBCI) was cal- 
culated as TBCI = dose/A UC. The volume 
of distribution at steady state (V ss ) was 
calculated using the equation V $& = TBCl/s. 

For the continuous infusions, t U2 was 
calculated as t |/2 = 0.693 V^/TBCl.TBCI 
was calculated as TBCI = Ko/C ss , where 
Ko is the infusion rate and C ss is the 
steady-state plasma concentration. V^. was 
calculated using the following equation: 
V ss = [(Ko • T)~ (TBCI • AUC)]/C $S , where 
Ko is the infusion rate, T is the duration 
of the infusion, C ss is the steady-state 
plasma concentration, and TBCI is the 
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total body clearance. The AUC was cal- 
culated using the trapezoidal and log- 
trapezoidal methods. 

Microbiologic Analysis 

The in vitro activity of piperacillin/ 
tazobactam was determined against 5 clin- 
ical isolates each of K pneumoniae and 
P aeruginosa. The isolates were selected 
to provide a range of MICs for piperacillin/ 
tazobactam. MICs were determined in 
triplicate using the broth microdilution 
technique, according to National Com- 
mittee for Clinical Laboratory Standards 
(NCCLS) guidelines. 17 A stock solution 
of piperacillin was prepared immediately 
before testing. The range of concentra- 
tions studied was 0.25 to 512 jig/mL 
for piperacillin. The concentration of ta- 
zobactam was fixed at 4 jig/mL. Ster- 
ile microdilution trays were used contain- 
ing a total volume of 100 [iL of test 
medium per well. In vitro activity was de- 
termined in Mueller-Hinton broth supple- 
mented with calcium chloride (25 mg/L) 
and magnesium sulfate (12.5 mg/L). 
The final inoculum, prepared according 
to NCCLS guidelines, was verified using 
the Spiral® Plater (Spiral Biotech, Be- 
thesda, Md). MIC was defined as the 
lowest concentration of antibiotic that pre- 
vented turbidity, as detected by the un- 
aided eye. 

Pharmacodynamic Analysis 

SITs were determined in duplicate us- 
ing the broth microdilution technique, ac- 
cording to NCCLS guidelines. 18 SITs and 
SBTs were determined at 19, 21, and 24 
hours after the start of administration. All 
samples were diluted with 50% Mueller- 
Hinton broth and 50% human serum in 



2-fold steps from 1:2 to 1:1024 in 96- well 
microtiter plates. Each test well contained 
50 \xL of antibiotic and 50 jxL of inocu- 
lum. The final inoculum contained ~10 5 
colony-forming units (CFUs)/mL and was 
verified using the Spiral Plater. The plates 
were incubated for 18 to 24 hours at 35°C. 
The SIT was defined as the highest dilu- 
tion that showed no visible turbidity. A 
10-ja,L sample from each well showing 
no visible growth was subcultured onto 
Mueller-Hinton agar and incubated for 24 
hours at 35°C. SBTs were determined by 
identifying the largest dilution that re- 
sulted in a 99.9% reduction in CFUs com- 
pared with the initial inoculum. Before 
determination of the activity in each sub- 
ject serum sample, isolates were screened 
against drug-free (predose) serum from 
each of the subjects to document lack of 
growth inhibition secondary to unidenti- 
fied serum inhibitory factors. 

Mean inhibitory and bactericidal titers 
at each time point were determined by as- 
signing an ordinal number to each recip- 
rocal titer (eg, < 1:2,0; 1:2, 1,... 1:512, 10). 
These ordinal numbers were averaged for 
each subject, organism, regimen, and sam- 
pling time and rounded to the nearest 
whole number. Mean values were then re- 
converted to the corresponding reciprocal 
inhibitory or bactericidal titer. 

The AU1C and AUBC were calculated 
from the inverse plasma inhibitory and 
bactericidal titers at different time points 
after antibiotic administration using the 
trapezoidal rule. For intermittent bolus 
dosing, AUIC and AUBC from 0 to 24 
hours (AUIC 0 _ 24 and AUBC 0 _ 24 ) were cal- 
culated by multiplying the number of 
doses given per day by the AUIC and 
AUBC. Median 24-hour AUIC and AUBC 
ratios were calculated for each regimen 
and isolate. 
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Statistical Analysis 

Differences in the pharmacokinetic pa- 
rameters, SFTs/SBTs, and AUIC/AUBC were 
determined by analysis of variance with 
(he Scheffe post hoc test. A P value <0.05 
was considered statistically significant. 

RESULTS 
Subjects 

Eleven healthy subjects (7 men, 4 
women) were enrolled in the study. Sub- 
jects' mean (±SD) age, serum creatinine 
level, and estimated creatinine clearance 
were 28 ± 4.7 years, 1.0 ± 0.2 mg/dL, 
and 97 ± 11 mL/min ? respectively. All 
piperacillin/tazobactam regimens were 
well tolerated, with the exception of mild 
diarrhea in 2 subjects after receipt of the 
bolus regimen. 

Pharmacokinetics 

The mean (±SD) C max of the piper- 
acillin intermittent bolus was 179.8 ± 43.5 
fjig/mL.The mean steady-state serum con- 
centrations of piperacillin after continu- 
ous infusion of 6 and 12 g were 16.0 ±5.0 
and 37.2 ± 6.8 |xg/mL, respectively. The 



AUC 0 _ 24 of piperacillin was significantly 
lower for the 6 g continuous infusion (330 ± 
109 mg/L-h) than for either the 12 g con- 
tinuous infusion (731 ± 140 mg/L-h) or 
the intermittent bolus (926 ± 162 mg/L-h) 
(P < 0.001). No statistical differences 
were detected between regimens for the 
mean TBCI of piperacillin (intermittent 
bolus, 133 ± 2.3 L/h; piperacillin 12 g, 
13.9 ± 2.9 L/h; piperacillin 6 g, 1 7.1 ± 
5.2 L/h). 

For the tazobactam intermittent infu- 
sion, the peak concentration was 14.5 ± 
J .8 fjLg/mL. The steady-stare concentra- 
tion of tazobactam was 2.3 ± 0.65 |xg/mL 
with the 1.5 g continuous infusion. How- 
ever, with the lower dose of tazobactam 
(0.75 g continuous infusion), serum con- 
centrations were <1 ng/mL, which was 
the lower limit of detection for the assay. 

Susceptibility Testing 

The MICs for each of the 5 isolates are 
presented in Table I. K pneumoniae and 
P aeruginosa MICs ranged from 2/4 to 
32/4 jxg/mL and 4/4 to 64/4 (xg/mL, re- 
spectively. The NCCLS breakpoints for 
piperacillin/tazobactam are ^64/4 jxg/mL 
for P aeruginosa and si 6/4 jxg/mL for 



Table I. In vitro activity of piperacillin/tazobactam. 



Pseudomonas aeruginosa Klebsiella pneumoniae 



Isolate MIC, |xg/mL Isolate MIC, jig/mL 



99-032 4/4 99-009 2/4 

99-012 8/4 99-010 4/4 

99-026 16/4 99-011 8/4 

99-017 32/4 99-004 (ESBL) 8/4 

99-023 64/4 99-015 32/4 



MIC a minimum inhibitory concentration: ESBL = extended-spectrum bcla-lactamase. 
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K pneumoniae, including extended- 
spectrum beta-lactamase-producing (ESBL) 
species. All P aeruginosa isolates and 4 
of 5 K pneumoniae isolates were suscep- 
tible to piperacillin/tazobactam. One 
K pneumoniae isolate was an ESBL or- 
ganism with an MIC of 8/4 jxg/mL. 

Pharmacodynamics 

Piperacillin 3 g/tazobactam 0.375 g q6h 
provided serum concentrations above the 
MIC for ;>60% of the dosing interval 
against P aeruginosa and K pneumoniae 
in 40% and 80% of subjects, respectively. 
In fact, intermittent bolus dosing provided 
serum concentrations above the MIC for 
s60% of the dosing interval against or- 
ganisms with an MIC *8 jxg/mL. As 
shown in Table II, piperacillin steady-state 
concentrations after administration of 
piperacillin 12 and 6 g continuous infu- 
sion were above the MIC for 76% and 
48% of subjects, respectively, against 
P aeruginosa and 96% and 80% of sub- 
jects against K pneumoniae. As the de- 
sired serum concentration increased to 4 
times the MIC, the percentage of subjects 
achieving that concentration decreased to 



36% and 8% against P aeruginosa and 
72% and 28% against K pneumoniae for 
both the high and low doses of continuous- 
infusion piperacillin. 

For organisms with an MIC s8 fxg/mL 
or *32 fxg/mL, low- and high-dose 
piperacillin/tazobactam continuous infu- 
sion will provide concentrations above the 
MIC for *80% of subjects. If the desired 
steady-state concentrations are 4 times the 
MIC, then the MICs must be s2 and 
£8 |xg/mL for low- and high-dose 
continuous-infusion piperacillin, respec- 
tively (Table III). 

Piperacillin/tazobactam 13.5 g continu- 
ous infusion (piperacillin 12 g/tazobactam 
1 .5 g) was statistically significantly more 
likely to produce an SIT a 1:2 against 
P aeruginosa at 24 hours than either 6.75 
g (piperacillin 6 g/tazobactam 0.75 g) con- 
tinuous infusion or 3.375 g (piperacillin 
3 g/tazobactam 0.375 g) q6h (P = 0.024). 
For P aeruginosa, 74% of subjects re- 
ceiving the 13.5 g continuous infusion 
regimen maintained SITs s 1 :2 at 24 hours, 
compared with 47% and 62% of the 3.375 
g intermittent bolus and 6.75 g continu- 
ous infusion regimens, respectively. For 
K pneumoniae, 100% of subjects receiving 



Table IL Pharmacodynamics of continuous infusion piperacillin against Pseudomonas 


aeruginosa and Klebsiella pneumoniae* 






No. (%) of Subjects with Stated Serum 






Piperacillin Concentrations Above MIC 




Organism si Time 


*2 Times &3 Times 


s4 Times 


P aeruginosa 76 (48) 


56(28) 40 (18) 


36 (8) 


K pneumoniae 96 (80) 


80 (56) 80 (40) 


72 (28) 



MIC = minimum inhibitory concentration. 

'The first number is the proportion of subjects receiving a 12 g continuous infusion of piperacillin. The num- 
ber in parentheses is the proportion of subjects receiving a 6 g continuous infusion of piperacillin. 
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Table HI. Percentage of subjects with steady-state concentrations at specified multiples of 
the minimum inhibitory concentration (MIC) after receiving piperacillin 12 and 
6 g by continuous infusion.* 

No. (%) of Subjects with Stated Serum 
Piperacillin Concentrations Above MIC 



MIC. M-g/mL 


2s 1 Time 


xl Times 


a3 Times 


z4 Times 


2 


100 (100) 


100(100) 


100(100) 


100(100) 


4 


100(100) 


100(100) 


100 (80) 


100(40) 


8 


100(100) 


100 (40) 


100(10) 


80(0) 


16 


100(40) 


80(0) 


0(0) 


0(0) 


32 


80(0) 


0(0) 


0(0) 


0(0) 


64 


0(0) 


0(0) 


0(0) 


0(0) 



'The first number is ihe proportion of subjects receiving a 12 g continuous infusion of piperacillin. The num 
bcr in parentheses is the proportion of subjects receiving a 6 g continuous infusion of piperacillin. 



the 13.5 g continuous infusion maintained 
SITs * 1 :2 at 24 hours, compared with 87% 
and 98% of those receiving the 3.375 g 
intermittent bolus and 6.75 g continuous 
infusion regimens, respectively. There 
were no statistical differences between 
regimens against K pneumoniae. The per- 
centage of subjects with SITs 2tl:2 is 
shown in Figure 1. 

The median AUIC for the 13.5 g con- 
tinuous infusion was higher than that for 
3.375 g q6h and the 6.75 g continuous in- 
fusion against both P aeruginosa and 
K pneumoniae (P js 0.007, 13.5 continuous 
infusion and 3.375 g q6b vs 6.75 g con- 
tinuous infusion against K pneumoniae) 
(Figure 2). However, none of the regimens 
achieved median AUICs «*125 against 
P aeruginosa. For K pneumoniae, the 13.5 
g continuous infusion was the only regi- 
men to achieve a median AUBC *125. 
The median AUBC was the same for all 
3 regimens against P aeruginosa, whereas 
the 13.5 g continuous infusion and 3.375 
g q6h produced a statistically larger 



AUBC than did the 6.75 g continuous in- 
fusion against K pneumoniae (P s 0.002). 
The percentage of subjects with an AUIC 
a 125 was higher with both 3.375 g q6h 
and the 13.5 g continuous infusion than 
with the 6.75 g continuous infusion 
against both P aeruginosa and K pneu- 
moniae (both, P < 0.001 vs 6.75 g con- 
tinuous infusion against K pneumoniae) 
(Figure 3). 

DISCUSSION 

The efficacy of any antimicrobial regimen 
depends on the interplay of a variety of 
bacterial, drug, and host factors. The phar- 
macodynamics of antimicrobial agents re- 
late clinically achievable concentrations 
at the site of infection (pharmacokinetics) 
to the antimicrobial effects of the agent 
(MIC). The best pharmacodynamic pre- 
dictor of efficacy for the beta-Iactams is 
the amount of time the serum concentra- 
tion remains above the MIC. Because 
most beta-lactam antibiotics have short 
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■ 3.375 g (piperacillin 3 g/tazobactam 0.375 g) q6h 

■ 6.75 g (piperacillin 6 g/tazot>actam 0.75 g) CI 
D 13.5 g (piperacillin 12 g/tazobactam 1 .5 g) CI 



100 




Pseudomonas aeruginosa 



Klebsiella pneumoniae 



Figure 1 . Percentage of subjects with serum inhibitory titers ssJ :2 at 24 hours with 3 dos- 
ing regimens of piperacillin/tazobactam. CI = continuous infusion. *P = 0.024 
vs 3.375 gq6h and 6.75 gCL 



half-lives (ie, 1-2 hours), frequent admin- 
istration of bolus doses is needed to main- 
tain serum concentrations above the MIC. 
As the MIC of the pathogen increases, 
maintaining serum concentrations above 
the MIC for the entire dosing interval be- 
comes more challenging. However, data 
from animal studies have demonstrated 
that beta-iactarns do not need to be above 
the MIC for the entire dosing interval to 
have maximal effect. u9 The maximal ef- 
fect against gram-negative organisms is 
observed when the serum concentration 
remains above the MIC for 60% to 70% 
of the dosing interval. For gram-positive 
organisms, the serum concentration needs 
to be above the MIC for only 40% to 50% 
of the dosing interval. This difference in 

1098 



time above the MIC for gram-positive and 
gram-negative organisms is due to the 
postantibiotic effect displayed by beta- 
lactams against gram-positive bacteria. 

Continuous infusion is a mode of ad- 
ministration that can maintain concentra- 
tions above the MIC for the entire dosing 
interval. However, which concentration 
should be targeted during continuous in- 
fusion of beta-lactams has not yet been 
established fully. Should the target con- 
centration be the MIC or some multiple 
of the MIC? Results from time-kill curves 
and in vitro models demonstrate that max- 
imal killing of gram-negative bacteria 
occurs at 4 times the MIC for beta- 
lactams. 13 ' 20 Furthermore, in vitro studies 
have demonstrated that a steady-state con- 
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■ 3.375 g (piperacillin 3 g/tazobactam 0.375 g) q6h 

■ 6.75 g (piperacillin 6 g/tazobactam 0.75 g) CI 
□ 13.5 g (piperacillin 12 g/tazobactam 1.5 g) CI 




Pseudomonas aeruginosa Klebsiella pneumoniae 

Figure 2. Median area under the inhibitory activity-time curve (AUIC) for 3 dosing reg- 
imens of piperacillin/tazobactam. CI = continuous infusion. 



centration at the MIC allows the organism 
to regrow and develop resistance. 2,20 
Hence, a good target concentration for 
continuous infusion of beta-lactams ap- 
pears to be 4 times the MIC and not 
just above the MIC. However, in vivo 
dose-ranging studies have not been per- 
formed for continuous infusion regimens. 
Roosendaal et al 2U2 assessed the admin- 
istration of ceftazidime by continuous in- 
fusion and intermittent bolus against 
K pneumoniae pneumonia in normal and 
leukopenic rats. The findings of these 
studies demonstrated that not only should 
the MIC be considered but also the sever- 
ity of disease and host defenses. In nor- 
mal rats, the concentration of ceftazidime 
by intermittent bolus to protect 100% of 



the animals was one third the MIC for 
moderate infections and about 6 times the 
MIC for severe infections. In neutropenic 
animals with moderate infections, the re- 
quired concentration was 2 times the MIC 
for 100% survival. Furthermore, depend- 
ing on the immune status of the animals, 
the intermittent bolus required 4 to 16 
times more drug than continuous infusion 
to achieve the same effect. Potential ad- 
vantages of continuous infusion are max- 
imization of the pharmacodynamic pro- 
file with a lower total daily dose, fewer 
adverse effects, and substantial savings in 
antibiotic cost. 9 * 10 Currently, clinical data 
on the efficacy of continuous infusions 
are limited. However, trials comparing 
continuous infusions with intermittent 
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■ 3.375 g (piperacillin 3 g/tazobactam 0.375 g) q6h 

■ 6.75 g (piperacillin 6 g/tazobactam 0.75 g) CI 
0 13.5 g (piperacillin 12- g/tazobactam 1.5 g) CI 




Pseudomonas aeruginosa Klebsiella pneumoniae 



Figure 3. Percentage of subjects with area under the inhibitory activity-time curve *125 
with 3 dosing regimens of piperacillin/tazobactam. CI = continuous infusion. 



doses of aztreonam, 23 carbenicillin, 8 cef- 
tazidime, 915 ,4 - 24 ~ 31 cefepime 32 cefurox- 
ime, 10,12 piperacillin/tazobactam, 33 ticarallin/ 
clavulanate 34 and meropenem 35 have been 
performed in healthy subjects as well as in 
some critically ill patients. 

There have been few studies assessing 
the pharmacokinetics of piperacillin/ 
tazobactam administered by continuous in- 
fusion. 33 Richerson et al 33 assessed the phar- 
macokinetics of piperacillin/tazobactam 
administered by continuous infusion or 
intermittent bolus with once-daily 
gentamicin in healthy volunteers. Mean 
(±SD) serum steady-state concentrations 
of piperacillin at 500 mg/h continuous in- 
fusion were 28.0 ± 6.9 jig/mL and were 
unchanged with gentamicin administra- 



tion. Similarly, the present study found 
mean serum steady-state concentrations 
after administration of 12 and 6 g piper- 
acillin to be 37.2 ± 6.8 p,g/mL and 
16.0 ±5.0 ixg/mL, respectively. Serum 
steady-state concentrations of piperacillin 
ranged from 9.4 to 24.9 jxg/mL and 25.8 
to 47.5 (ig/mL for the 6- and 12-g dosing 
regimens, respectively. The pharmacoki- 
netic profile of the intermittent bolus of 
piperacillin/tazobactam was similar to that 
reported by other investigators. 

Data on the in vivo pharmacodynamics 
and clinical efficacy of continuous in- 
fusion piperacillin/tazobactam are ex- 
tremely limited. 36 Hence, it is currently 
necessary to assess the pharmacodynamic 
profile of continuous infusion piperacillin/ 
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tazobactam in healthy volunteers. In the 
present study, continuous infusions of 
piperacillin 12 g/tazobactarn 1.5 g and 
piperacillin 6 g/tazobactam 0.75 g resulted 
in mean (±SD) steady-state serum piper- 
acillin concentrations of 37.2 ± 6.8 and 
16.0 ± 5.0 iig/mL, respectively. Because 
the MIC for the majority of gram-negative 
bacteria is £8/4 |xg/mL with piperacillin/ 
tazobactam, steady-state concentrations 
are s>4 times the MIC for piperacillin 12 g/ 
tazobactam 1.5 g continuous infusion. 37 
Even piperacillin 6 g/tazobactam 0.75 g 
will produce serum concentrations of 1 
time the MIC for those organisms with an 
MIC ^8/4 jxg/mL. Furthermore, for more 
serious infections, as with P aeruginosa, 
the combination of piperacillin with an 
aminoglycoside or fluoroquinolone would 
be recommended; we, as well as other in- 
vestigators, have reported that piperacillin/ 
tazobactam in combination with another 
antibiotic provides highly effective bacte- 
rial killing. 3 ** 39 

Besides assessing the time serum con- 
centration remains above the MIC, some 
investigators have suggested that AUC/ 
MIC is an appropriate pharmacodynamic 
parameter not only for concentration- 
dependent antimicrobial agents such as the 
aminoglycosides and fluoroquinolones 
but also for time-dependent agents such 
as the beta-lactams 40 41 In the present 
study, we found that the AUC/MIC was 
consistently higher against K pneumoniae 
than against P aeruginosa isolates and 
that continuous infusion piperacillin 12 g/ 
tazobactam 1 .5 g provided the highest 
AUC/MIC against both organisms. The 
higher AUC/MIC for K pneumoniae com- 
pared with P aeruginosa is due to the 
lower MICs for K pneumoniae, which 
could be misleading given the fact that all 
of the P aeruginosa isolates were suscep- 



tible to piperacillin/tazobactam, whereas 
I K pneumoniae isolate was resistant to 
piperacillin/tazobactam. This difference 
in susceptibility is due to the different 
breakpoints for the 2 organisms. Hence, 
the use of combination therapy for the 
treatment of systemic infections caused 
by P aeruginosa is warranted clinically, 
even if the organisms are classified as sus- 
ceptible to piperacillin/tazobactam. 

Integration of the pharmacokinetic pro- 
file and microbiologic activity is one way 
to assess the pharmacodynamics of an- 
tibiotics; however, this method does not 
account for host defenses or protein bind- 
ing. The SIT takes these factors into ac- 
count and was assessed in this study. For 
example, the piperacillin/tazobactam MIC 
was the same for 2 isolates of K pneumo- 
niae (8/4 fjLg/mL); however, the pharma- 
codynamic parameters (SITs and AUC/ 
MIC) against these 2 isolates were ex- 
tremely different. The reason for this dif- 
ference was that 1 isolate was an ESBL 
organism; however, the ESBL organism 
was susceptible (MIC *s8/4 |Jtg/mL) to 
piperacillin/tazobactam based on NCCLS 
standards. 17 Several institutions, including 
our own, have demonstrated the benefit of 
piperacillin/tazobactam for decreasing the 
incidence of ESBL bacteria. 42 Further in- 
vestigation and assessment of the phar- 
macodynamics of piperacillin/tazobactam 
against ESBL organisms are needed. 

CONCLUSIONS 

Clinically, the efficacy of beta-lactams ap- 
pears to be maximized in dosing regimens 
that maximize the time above the MIC. 
This can best be accomplished by using 
continuous infusion. Furthermore, this 
mode of administration has the potential 
to be cost-effective. In this study in 11 
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volunteers, continuous infusion piperacill- 
in 12 g/tazobactam 1.5 g consistently re- 
sulted in serum concentrations above the 
breakpoint for Enterobacteriaceae and 
many susceptible strains of P aeruginosa. 
Randomized, controlled clinical trials are 
warranted to determine the appropriate 
dose of piperacillin/tazobactam. 
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